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ABSTRACT

The object of this study was to make a preliminary investigation
of the Temperature-Flow-Corrosion Unit as a tool for the laboratory
testing of automotive coolants.

Nine 500 hour tests were conducted in this preliminary study
using antifreeze meeting Federal Specification O-A-548a with and with-
out added inhibitors. Results correlating those received in simulated
service and glassware bench tests were obtained in three instances.
Mechanical failure and improper functioning of electronic instruments
minimized the use of values received in the other six tests.

Results of this study indicate that the Temperature-FI ow-Corrosion
Unit has the capability of properly evaluating coolants and will serve
as a valuable research tool in heat transfer studies.
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I. INTRODUCTION

The Coating and Chemical Laboratory was authorized by AMC Direc-
tive, AMCMS Code 5025.11.803 dated 3 September 1965 to conduct research
on automotive coolants.

In the past evaluation of coolants involved three phases of quali-
fication: bench corrosion tests, simulated service tests and vehicle
field tests. The Temperature-Flow-Corrosion Unit was designed as a
single unit which would rapidly produce reliable results correlating
with results received in the three phase testing presently practiced.
This will reduce the number of expensive and time consuming field tests
which are essential to properly evaluate an automotive coolant. The
unit may also be used as a research tool in the study of heat transfer
and corrosion properties of new and improved coolant formulations.

After installing the unit, a program of study was outlined to
evaluate and determine the capabilities, ,mechanical variables, and test
limits of the machine. This report covers the results of the first
nine tests conducted.

II. DETAILS OF TEST

A. Apparatus - The Temperature-Flow-Corrosion Unit (Appendix A)
consists of a glass-walled test chamber which houses a series of heat
accepting metal rod-shaped specimens, such as brass, copp-.r, brass-
solder, steel and aluminum. The heat rejecting specimen in this pre-
liminary study was a rod constructed of a special alloy steel with cor-
rosion Droperties similar to the cast iron used in an automotive engine.
Rods of cast iron or aluminum could also be used. The heat rejecting
specimen is electrically heated and controlled by a stepless silicon
rectifier to maintain a constant metal temperature. The test cell is
part of a closed circulating circuit in which the coolant flows through
the test cell at a controlled rate, temperature and pressure. The sys-
tem may also be areated at a controlled rate. The unit is instrumented
so that it may be operated 24 hours a day unattended. It has a series
of automatic controls which prevent overheating In any way. Relays
break the main circuit should the cjoling water pressure drop, the spec-
imen overheat, the system leak, or the pump stop.

S. Specimens - The heat accepting specimens are 16" long by 3/16"
diameter with a surface area of 60.84 ± 0.5 sq. cm.

The heat rejecting specimen is 12"1 long by 1/4" diameter with
a !,'81" r I 16'" axial hole and a surface area of 95.-4 ± 0.5 sqj. cm.

C. Procedure - All metal specimens are cleaned and weighed to the
nearest 0.1 mg. The specimens are mounted in the test cell and the
thermocouples Inserted into the heat rejecting specimen at the top and
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bottom. Nine liters of coolant are used to fill the unit. The power
is turned on, the instruments turned on and the pump started. On this

first series of tests the controls were set so that the following con-

ditions recorded:

Solution Temperature - 180°F. (80*C.)
System Pressure - 7.6 lbs.
Flow Rate - 5 G.P.M. (22 cm/sec.)
Aeration - 0.75 S.C.F.H.

After the solution temperature reaches 180*F. the specimen
heat is turned on and gradually increased until a maximum temperature
of 257°F. (125 0 C.) is reached. The heat exchanger valve is partially
opened so that the auxiliary heater is in operation approximately 30
seconds every minute. Thermocouple readings of solut'on temperature
and heat rejecting specimen temperatures are recorded continuously on
an electroniz. recorder. Periodic readings of these temperatures are
taken for calculation of heat flux data. Readings of the voltage and
amperage used to maintain the heat rejecting specimen temperature are
also taken periodically for the calculation of heat flux data. The
test continues for a total of 500 hours.

After the test period the test chamber is opened, the strips
removed and scrubbed clean with a soft bristle brush and soap, rinsed
with water, then acetone and dried. After they reach equilibrium in a

desiccator they are again weighed to the nearest 0.1 mg. and the weight
chat.ve per sq. cm. is calculated and rated as described in Appendix B
Table Ill.

The test chamber is remounted and the system purged with a
mild detergent and rinsed with distilled water.

III. RESULTS OF TEST

Table II shows that corrosioi data from tests 2, 5, 6, 7., and 9
correlate with results received in simulated service tests and reported
in CCL Report No. 156. Table I shows thet in all tests except 4. 6 and
9 there was either a mechanical or electronic malfunction of the unit.

Test no. 4 with 50% O-A-548a antifreeze and 0-1-490 inhibitor had
a fairly uniform heat flux rate of about 26,000 BTU/ft 2 hr and a corro-
sion rating of 20. This combination in a 2000 hour simulated service
test had a rating of 31.

Tast no. 6 with 50% O-A-548a antifreeze and O-I-490a inhibitor
had a gradually increasing heat flux rate from 26,800 to 39,000
BTUift hr. and a corrosion rating of 13. This combination in a 2,000
hour simulated service test had a rating of 17.
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Test no. 9 with 50% O-A-548a antifreeze had a fairly steady heat
flux rate of 27,600 BTU/ft 2 hr. and a corrosion rating of 37. This
combination in a 2,000 hour simulated service test had a rating of 39.

Tests nos. 4, 6. and 9 show the effect nf h-At rejecting specimen
surface conditions on the heat flux rate. Test no. 4 showed that with
only slight staining the heat flux rate was fairly uniform. Test no. 6
showed that as the test progressed an irregular coating of iron phos-
phate was gradually built up and the heat flux rate increased from
26,000 to 39,000 BTU/ft 2 hr. Test no. 9 showed that with a heavy smooth
coating build up during the test the heat flux rate increased only 2,,000
BTU/ft hr.

In seven of the nine tests the welds on the heat rejecting speci-
men leaked and had to be repaired. A test apparatus was made to check
the welds before they were installed in the test chamber.

All thermocouples were replaced after test no. 3. At room temper-
ature all thermocouples had apparently been recording correctly but at
elevated temperatures there were discrepancies. This probably was the
reason for the high heat flux rates in tests 1, 2 and 3.

The flow control system was found to be erroneous in tests 5, 7,
and 8. In test 3 water from the a;r line entered the pneumatic valve
also in the flow control system.

The flow recorder was repaired twice and the flow controller once
in the course of the nine tests.

IV. CONCLUSIONS AND RECOMMENDATIONS

Preliminary data indicates that the Temperature-Flow-Corrosion
Unit has the capability of properly evaluating coolant=. During these
first runs many "bugs" were located which invalidated the results In
several of the tests. Difficulties caused by vibration of the unit
would be alleviated by mounting all electronic instruments on a sepa-
rate panel. This would also eliminate heat convection from the heat
source into the instruments. The heat rejecting specimen welds should
be more solid to eliminate leakage. Unreasonably high heat flux rates
in tests 1, 2, 3 and 7 could be explained by malfunction of the flow
rate control apparatus. The electronic components of this apparatus
have been repaired and recalibrated. All thermocouples needed replace-
ment at some time during these first nine tests. This source of diffi-
culty can only be overcome by close observation and control of the
operation.

Research on metal surface conditions and coatings as a means of
increasing heat transfer could be conducted with this unit.. Mechanisms
of the formation of protective coatings which are formed by exposure to
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the coolant and the conditions conducive to the formation of these
coatings could also be studied. The sample cell can be modified to
provide very accurate heat transfer coefficient data of specific
systems by the measurement of metal temperature drops with accurately

V positioned thermocoupies.

knwIt is recommended that testing continue on antifreezes which have
known physical and chemical properties. Then a definite reliability
factor can be assigned to the unit and subsequent research data can be
properly evaluated.

V. REFERENCES

1. Authority: AMC Program O'rective, AMCMS Code 5025.11.803 dated
3 Sept. 1965.

2. Federal Specification O-A-54aa, Antifreeze, Ethylene Glycol,
Inhibited dated 30 Dec. 1958.

3. Federal Specification 0-1-490. Inhibitor, Corrosion, Liquid Cooling
System, dated 27 Nov. 1957.

4. Federal Specification 0-1-490a, Inhibitor, Corrosion, Liquid Cooling
System, dated 26 April 1965.

5. CCL Report No. 156 - The Development of an Improved Cooling System
Corrosion Inhibitor, dated 10 Feb. )964.
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TABLE I I I

STRIP RAT.NGS

loss CCL
mq/cm2  Rating

.00 - .10 1

.11 - .20 2

.21 - .30 3

.31 - .40 4

.41 - .50 5

.51 - 1.00 6

1.01 - 3.00 7

3.01 - 7.00 8

7.01 - 14;00 9

14.01 - 50.00 10

50.10 + 11

All weight gains have a rating of 1.

Add I to ratiig of each strip that is not perfect.
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